Most cancer treatments exploit the hypersensitivity of rapidly dividing tumor cells to DNA damage, largely reflecting problems with replicating damaged DNA templates. Many cancer chemotherapeutics directly damage DNA, and most types of DNA damage block replication forks. Other classes of chemotherapeutics include antimetabolites that reduce nucleotide pools and starve DNA polymerases or directly inhibit DNA polymerases, causing fork stalling. Blocked or stalled replication forks are initially stabilized by DNA damage response (DDR) proteins, including checkpoint and DNA repair proteins.[@R1] Forks that fail to restart in a timely manner may regress to a "chicken foot" structure, which is subject to cleavage, causing fork collapse to double-strand breaks (DSBs).[@R2] When replication forks encounter single-strand breaks (SSBs) and gaps (which can arise during repair of single-strand damage) this can result in direct fork collapse to DSBs. About half of cancer patients are treated with ionizing radiation, which directly induces DSBs, as well as base damage and SSBs that can be converted to DSBs during DNA replication. Thus, the common thread in all of these therapeutic strategies is DSB induction ([Fig. 1](#F1){ref-type="fig"}). DSBs are highly cytotoxic, which explains their efficacy in cancer therapy and the intense effort to elucidate mechanisms of DSB induction and repair.

![**Figure 1.** Replication forks blocked by DNA adducts may regress and be cleaved causing fork collapse to a DSB. Fork collapse can also occur when forks stall when DNA polymerase is inhibited or starved for nucleotides (not shown). SSBs/gaps can cause direct fork collapse. Ionizing radiation induces DSBs directly and indirectly through SSBs and base damage. DSBs activate checkpoint and DSB repair pathways that enhance cell survival. However, when a cell suffers too much damage, checkpoints can trigger cell death by apoptosis.](cc-12-1335-g1){#F1}

Several assays have been developed to measure DSB induction and repair. The induction of one or a few single DSB at defined loci by the rare-cutting endonucleases I-SceI and I-PpoI, and their repair, can be measured with PCR assays using primers that flank the DSB.[@R3] Immunofluorescence microscopy is frequently used to detect phosphorylated histone Η2AX (γ-H2AX) foci, which appear adjacent to DSBs within 30 min of DSB induction, and their disappearance is taken as evidence of repair.[@R4] γ-H2AX can also be detected by western blot, which provides an estimate of global DSB load in a population of cells. For more than 20 y, pulse field gel electrophoresis has been used to measure the fraction of broken DNA released from wells into the gel, providing a direct measure of DSBs in genomic DNA that is quantitative and reproducible. The comet assay is a related gel electrophoresis technique, in which DNA migrates out of individual cells embedded in agar on a microscope slide, producing DNA "tails" that extend from the body of the cell in a characteristic comet shape. Comet tail length (measured visually) and "tail moment" (product of tail length and the fraction of DNA in the tail determined by analysis of pixel intensities) are proportional to the number of DSBs; however, reproducible scoring of tail lengths or moments has proven difficult.[@R5]

Each of the DSB assays above has its strengths and weaknesses, but none are particularly well-suited to high-throughput analysis. Enter the Engelward lab, which, in collaboration with engineers from the Bhatia lab, modified the comet assay to a 96-well format in which each of the 96 "macrowells" is subdivided into microfabricated "microwells," ranging from 25--45 μm in diameter that each hold one to several cells.[@R6] In a study by lead authors Weingeist and Ge in the March 15, 2013 issue of *Cell Cycle*,[@R7] Engelward and colleagues at MIT and Harvard then demonstrated that this platform is very well-suited to high-throughput analysis of DSB induction and repair. The "CometChips" allow analysis of up to 96 different experimental conditions on a single gel, and because cells are arrayed, each comet can be scored using an automated image capture system, which greatly increases assay speed and reproducibility. How important is a reliable, high-throughput assay that directly measures DSB induction and repair? The DDR in general, and DSB repair in particular, are major determinants of cell survival and cell death and, thus, cancer treatment efficacy. The DDR is mediated by an incredibly complex network of proteins that includes, for example, the ATM and ATR kinases, which are activated by DSBs and have at least 900 known targets on 700 different proteins.[@R8] Therefore, the ability to rapidly test responses of tumor and normal cells to the combined effects of DNA damaging agents and large chemical libraries of potential DDR inhibitors is very important indeed.
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